The influences on the interlaminar fracture toughness (G IC ) and ultimate tensile strength (UTS) of a cured structural carbon fibre reinforced epoxy composite of two contaminants, water and seawater, introduced prior to cure have been investigated. The results have demonstrated that the control of environmental factors such as water and seawater can have significant effects on the mechanical performance of laminate composite components during the manufacturing process.
INTRODUCTION
Fibre reinforced epoxy composite materials in practical use can be subject to a wide variety of applications from aerospace and sports equipment to satellite dishes. These materials have high specific moduli, high specific strength and the possibility of tailoring material characteristics, as compared to traditional materials [1] [2] . However, to achieve optimum material properties for the variety of applications, the effects of external environments on the mechanical properties during manufacturing and usage must be understood.
The purpose of this study has been to identify the effects of water and seawater on the mechanical properties of carbon fibre reinforced composite when introduced prior to cure. The results provide clear evidence that it is important to control environmental factors such as water and seawater during the manufacturing process, since they can ultimately effect the mechanical performance of laminate composite components.
EXPERIMENTAL
The material selected for this investigation was SE 85 31131UDC2001460sqm unidirectional carbon fibre reinforced epoxy composite. The selected contaminants of water (distilled) and seawater were introduced into the lay-up between every pre-preg ply by spraying a total of 1.0% by weight of contaminant per test panel. The double cantilever beam (DCB) test was carried out on Lloyd Instruments Tensometers, Model L6000R test machine in accordance with CRAG, Method 600 [3] standard. The tensile test was performed using an INSTRON Model TT-DM-L test machine, in accordance with ASTM D3039-76 [4] standard. The test panels consisted of8 plies of unidirectional carbon fibre, oriented at 0°. This produced a nominal laminate thickness of 1.6 mm after cure.
The dimensions of the DCB test specimens were 275 x 38 x 1.6 mm. An initial interlaminar crack was introduced by inserting a 0.05 mm thick releasing film at one end of the laminate, half-way through its thickness during lamination. The testing was conducted at room temperature (20°C).
The results are summarised in Table 1 . In this test, the critical strain energy release rate, i.e. the interlaminar fracture toughness G IC was obtained. It can be noted that the value of G IC for control specimens was 452.7 J/m 2 . For specimens with water and seawater contaminants, the values of G IC were 270 J/m 2 and 227 J/m 2 , respectively, showing a reduction of 40% and 50% compared to the value for the control test.
Although the effect of contaminants on the interlaminar fracture toughness G IC has been investigated by many researchers [5] [6] [7] [8] , the mechanism of contaminant effects is still not clear. It was considered that several reasons may possibly contribute the reduction of G IC values, e.g.
(1) increase in the void content; (2) increase in the fibre content; (3) bond inhibited by liquid contaminants. However, the main reason may be explained by the fact that the waterlseawater caused degradation of the epoxy by reducing the adhesion between fibre and epoxy and thus weakening the fibre-matrix interface. Therefore the fracture energy required was considerably reduced.
Ultimate Tensile Strength (UTS) and Elastic Modulus (E)
The effect of the contaminants on the ultimate tensile strength (UTS) and elastic modulus (E) introduced into the pre-preg prior to curing condition are recorded in Table 2.  and Table 3 , respectively. Both water and seawater reduced the UTS and E values compared to the control test. The UTS was 1462.7 MPa for the control specimen, while for the water and seawater contaminated specimens, the UTS values were 1010.3 and 997.6 MPa respectively, representing a reduction of 31%. For E modulus, the value for the control specimen was 127.7 MPa. For the water and seawater contaminated specimens, the E values were 98.5 and 96.1 MPa, respectively, showing a reduction of about 23%.
The test results showed that without contaminants, the different layers of carbon fibres bonded together and performed as a uniform, homogeneous section. The whole cross section shared the load as a single unit, which is much stronger than the loosened section. This was proved by its greater failure load (UTS) and brittle failure mode. Both the E modulus and the UTS of the specimens were much higher than that of specimens with contaminants, so for the same level of stress, less strain was observed. This could be explained by the fact that the noncontaminated material retained strong bonding between fibre and matrix, the UTS and E values were dependent on interface strength as well as on the strength of the matrix. If the interface bond did not fail, there was a stress and strain magnification in the matrix which was a maximum between the fibres.
For the contaminated samples, the bond between the fibres and matrix was affected. The different layers of fibres were actually separated from each other and thus performed as a more loosened section. Each individual fibre thus operating as a separate section. Therefore, when a load was applied, some fibres may take up the initial load, caused by stress concentration due to poor bonding, which has resulted from the contamination. These loaded fibres would fail first and the load would then be transferred to other fibres, which would again fail quickly. Thus compared to the control test, the strains observed under the same load were greater for the contaminated specimens, due to their smaller E modulus. The failure load (UTS) was also much smaller, and the failure mode showed a more plastic nature in its behaviour.
The test has proved the detrimental effect of contaminants on UTS and E values. However, there is no simple relation for predicting the UTS and E values, which is governed by many factors including the properties of the fibre and matrix, the interface bond strength, the presence and distribution of voids, and the internal stress and strain distribution [9] [10] [11] . This has brought into practice the difficulty of controlling the quality of the laminate materials. 4 . CONCLUSIONS 1. The interlaminar fracture toughness, G IC was reduced by the use of water and seawater contaminants under pre-cure conditions. In comparison with the control test, the reduction of G IC were 40% for water and 50% for seawater .
2. The tensile test showed that the UTS and E values were greatly reduced by the use of water/seawater contaminants. Compared to the control test results, the reduction were 31% for UTS, and 23% for E modulus. 
